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ABSTRACT

Surveys of strawberry (Fragaria x ananassa Duch.)
summer nursery beds and production fields in Louisiana from
1986-1989 indicated that anthracnose crown rot (ACR) incited
by Colletotrichum fraaariae Brooks limited both plant and
fruit production on most farms.

Pathogen-free production

plants were provided to growers in the strawberry growing
region of southeast Louisiana for establishment of summer
nursery beds.

The pathogen-free strawberry plants remained

free of ACR in summer nursery beds separated from beds with
locally grown transplants.

Infield spread of ACR was rapid

in summer nursery beds, but there was no evidence of disease
spread in production fields.

To assay nursery plants for

ACR, sample lots of plants were potted and held at 27-30 C
for 6 wk to observe for development of the wilting symptoms
of ACR.

The results of this grow-out assay were predictive

of the ACR-incidence that could occur in production fields
established with those nursery plants.
Fungicides were tested in vitro using fungicideimpregnated paper disk assays to determine their activity
against a benomyl-resistant isolate of C. fraaariae.
Fungicides causing fungal growth inhibition at 100 ppm and
above included captafol, CGA-453, and chlorothalonil and
those causing inhibition at 1000 ppm and above included
flusilazol, propiconazole, fenarimol, diniconazole, captan,

and TPTH.

When compared by mean levels of inhibition over

all rates, the seven most effective fungicides ranked in
descending order were propiconazole,
m y c l o b u t a n i l , fenarimol,
captafol.

flusilazol,

CGA-453, chlorothalonil,

and

In the 1986 field test, captafol was the only

fungicide tested that suppressed the disease.

In 1987 and

1988 field tests, propiconazole, myclobutanil,

flusilazol

and CGA-453 alone or in combination wit h chlorothalonil
significantly reduced the incidence of ACR.
Data are presented from 1988 and 1989 field evaluations
on the efficacy of fungicides alone or in various
combinations for strawberry fruit rot control.

A tank

mixture of benomyl+captan was effective against gray mold,
stem end rot, and anthracnose.

Captan was the only

fungicide tested that was effective against anthracnose.
Vinclozolin and iprodione were effective against gray mold.

Chapter I

DISEASE-FREE PLANTS FOR MANAGEMENT OF STRAWBERRY ANTHRACNOSE
CROWN ROT

1

DISEASE-FREE PLANTS FOR MANAGEMENT OF STRAWBERRY ANTHRACNOSE
CROWN ROT

ABSTRACT
Anthracnose crown rot (ACR) limited both plant and fruit
production in strawberry summer nursery beds and production
fields in Louisiana from 1986-1989 on most farms using
locally grown plants.

Pathogen-free plants derived from

tissue culture and increased in northeast Louisiana were
provided to growers in the strawberry growing region of
southeast Louisiana for establishment of summer nursery
beds.

The pathogen-free strawberry plants remained free of

ACR in summer nursery beds separated from other beds
established with locally grown transplants.

Once the

pathogen was introduced into summer nursery beds

(June to

October) disease spread of ACR was rapid, but there was no
evidence of disease spread in production fields (November to
May).

The only plants that died from ACR in production

fields were those that were already infected when they were
transplanted to the field.

To assay nursery plants for ACR,

sample lots of plants were potted and held at 30 + 4 C for 6
wk to observe for development of the wilting symptoms of
ACR.

The results of this grow-out assay were predictive of

the ACR-incidence that could occur in production fields
established with these sources of nursery plants.

2

3
INTRODUCTION
Anthracnose crown rot (ACR) of strawberry (Fragaria x
ananassa D u c h .) , caused by Colletotrichum fracrariae B r o o k s ,
can be devastating to strawberries grown in the southeastern
United States

(17). The geographic distribution of C.

fraaariae includes Louisiana
(24), North Carolina

(6), Arkansas

(18), Oklahoma

within the United States, Argentina
(19), and India

(22).

damaging in Florida

(26), Mississippi

(17), and Tennessee
(20), Brazil

(17)

(5), Mexico

The disease has been particularly

(1,2,3) and Louisiana

(6,9,10,11) where

it severely limits plant production in the summer nursery
beds and causes a plant wilt in production fields in the
spring.

Colletotrichum fraaariae causes petiole lesions

(3), crown infections

(2,3,9,11),

spot (15,16) of strawberry.

fruit rot

(13), and leaf

In summer nurseries, the

pathogen spreads rapidly girdling stolons and killing runner
plants.

Symptomless, crown-infected plants transplanted

into fruit production fields in the fall are likely to wilt
and die during fruiting season the following spring
(9,11,17).
The occurrence of ACR in Louisiana was first noted by
Carver and Horn in 1960

(6,9,11).

They were particularly

concerned with the crown rot phase of the disease which was
causing death of plants in summer nurseries and spring
production fields.
Horn, et al

Subsequently, wo r k by Howard

(12) and

(10) led to satisfactory control of the disease

through sanitation and the use of the fungicide benomyl

(4).

\

Benomyl was effective for several years, but in the past 8
to 10 yr farmers have observed that the benomyl sprays were
not controlling the disease.

In vitro tests in this

laboratory (T.B. Mclnnes and L.L. Black, u n published^ have
confirmed observations by Smith (23) that benomyl-resistant
strains of C. fraqariae have evolved. Attempts to control
ACR through disease resistance has met with limited success
because of the difficulties involved in breeding disease
resistance into horticulturally acceptable cultivars and
because the pathogen is composed of numerous physiological
races

(8,10,24).

Currently, there are no ACR-resistant

cultivars that are commercially acceptable to Louisiana
producers nor are there any fungicides registered for use on
strawberry that are effective against ACR.
Little is known about the host range and the
distribution of C. fraaariae in nature apart from cultivated
strawberries.

A few wild species,

(14), Fraqaria virqiniana Duchesne
canadensis L.

Cassia obtusifolia L.
(8), Potentilla

(8), and Duchesnea indica

(Andr) Foche

have been reported to be hosts of C. fraqariae.
inoculations in the laboratory,

(1)

In

C. o b t u s i f o l i a . F.

v i r q i n i a n a . and P. canadensis were infected by C. fraqariae.
but the investigators did not consider them likely to play a
major role as sources of inoculum in nature

(8).

The close

association of ACR with contaminated plant stock (6,14) and
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previous accounts of avoiding the disease by use of
noninfected plants

(10) suggest that the pathogen is not

widespread in nature in Louisiana.

These observations

suggest that ACR could be controlled by beginning with
pathogen-free plants and careful cultural management to
avoid planting near C. fragariae-infected strawberries.
The present study was initiated to determine:

(1) if tissue

culture-initiated plants could be increased in isolated
fields in Louisiana and remain free of the A CR pathogen,

(2)

if summer nurseries established with plants from the
isolated fields would remain ACR-free,

and (3) if commercial

production fields established with this line of plants from
summer nurseries would remain ACR-free.

For comparison,

summer nurseries and production fields established with
local sources of plants and out-of-state nursery plants were
monitored at the same time for the occurrence of ACR.

MATERIALS AMD METHODS

Field increase of tissue culture-derived ACR-free
plants.

Tissue cultures of the strawberry cultivar Tangi

were obtained from Dr. Gene Galletta, USDA,
during the spring of 1986.

Beltsville, MD,

Plants were regenerated from the

callus and provided to us as small rooted plants by Rhonda
Porche-Sorbet of the Louisiana State University Horticulture
Department.

The plants were grown in Jiffy-Mix

(JPA, West

Chicago,

IL)

for 2 mo in t h e greenhouse before being

transplanted to the field.
during August,

The plants were transplanted

1986 into a summer nursery be d that h a d been

fumigated with Terr-O-Gas 67
chloropicrin,
Lafayette,

(67% methyl bromide and 33%

Great Lakes Chemical corporation, West

IN) at the rate of 400 kg/ha.

The nursery beds

were located on the Louisiana State U niversity Sweet Potato
Research Station at Chase,
strawberry growing region.

LA, a location remote from the
The beds we r e monitored monthly

for the occurrence of ACR during the summer of 1986 and the
spring of 1987.

Runner plants were du g during June,

1987,

potted in Jiffy-Mix Plus in 7.6-cm peat pots, and held under
a shade screen for 1 wk before being transplanted into
commercial summer nursery beds separated by 150 m or more
from beds established with local plant sources in Tangipahoa
parish.
The same procedures were used during 1987-88 and 198889 to produce ACR-free transplants.

In 1987-88,

field

increases were made at two locations - Chase, LA on the
Sweet Potato Research Station and Baton Rouge,

LA on the

Louisiana State University Burden Research Plantation.
During 1988-89, the field increase of ACR-free plants was
made only at Chase.
Summer nurseries.

Summer nursery beds located on

strawberry production farms have been the traditional source
of transplants for production fields in Louisiana

(21).

The
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nurseries are established in June by transplanting
strawberry plants 0.9 m apart on 1.8 ra-wide, raised beds
that have been fumigated with methyl bromide.

The source of

plant material for the nurseries varies, but is frequently
runner plants from the growers current year production
fields which have been recently abandoned.

Strawberry

summer nursery beds in Tangipahoa and Livingston parishes
were surveyed for the occurrence and severity of A C R from
June through October in 1986.

ACR severity was determined

in each nursery bed by visual estimates of runner plant
losses using a disease index of 0 to 5; in which 0=no runner
plant reduction and
reduction.

5=80% or greater runner plant

In each nursery bed, ten 3.5 m cross sections of

row selected at random were rated for runner plant
reduction.

Isolations from representative plants exhibiting

ACR symptoms were made on Difco potato dextrose agar (PDA)
(Difco Laboratories,

Detroit, MI) by plating surface

sterilized internal crown tissue to identify the causal
agent.
In 1987, strawberry summer nursery beds in Tangipahoa
parish established with locally grown transplants and with
ACR-free plants from Chase were surveyed from June through
October for the occurrence of ACR .

Summer nursery beds

were rated for ACR severity by the same method used in 1986.
Strawberry summer nursery beds in Tangipahoa parish
established with locally grown transplants, ACR-free plants

from Chase,

and greenhouse-grown ACR-free plants from Baton

Rouge were surveyed from June through October of 1988 for
the occurrence of ACR.

Disease severity evaluations were

based on observations of 500 randomly selected stolons from
each nursery bed.

ACR severity was expressed as the

percentage of stolons exhibiting ACR lesions.
Production fields.

Strawberry production fields in

Louisiana are established in October or early November and
generally consist of single row plantings on 1.0

to

1.2 m-wide rows which are shaped into raised beds,

fumigated

with methyl bromide, and covered with black polyethylene
film mulch

(21).

Traditionally,

freshly dug transplants

from the g r o w e r 1s nursery or another nursery in the area are
used to establish the production fields.

Commercial

strawberry production fields in Tangipahoa and Livingston
parishes were surveyed for the occurrence of A C R during the
spring of 1986,

1987,

1988, and 1989.

In 1986, all fields

surveyed were established with locally grown transplants
produced from local plant sources.

In 1987, surveyed fields

included those established with 1) locally grown transplants
produced from local plant sources, 2) locally grown
transplants produced from the ACR-free plant source at
Chase, and 3) transplants from out-of-state nurseries.

In

1988 and 1989, surveyed fields included those established
with 1) locally grown transplants produced from local plant
sources 2) locally grown transplants produced from the ACR-

free plant source at Chase, 3) locally grown transplants
produced from a greenhouse-grown ACR-free plant source at
Baton Rouge, and 4) transplants from out-of-state nurseries.
The occurrence of ACR in the production fields was
determined by observing 500 plants in each field and noting
the number exhibiting wilt symptoms of ACR.

One hundred

consecutive plants in a row in each quadrant and another 100
plants near the center of each field were selected for the
plant counts.

Fields ranged in size from 0.2 to 1.2 ha.

Isolations from representative plants exhibiting ACR
symptoms were made on PDA to identify the causal agent.
Field grow-out for ACR detection. A strawberry
production field was prepared on the Burden Research
Plantation,

Baton Rouge,

LA, using standard commercial

practices for Louisiana (21).
November,

During the first 2 wk of

1986 the field was established with nursery plants

derived from local plant sources in Tangipahoa parish,

and

plants from commercial nurseries in North Carolina;
Michigan; and Ontario, Canada.

One hundred plants from each

source were planted utilizing a complete randomized block
design with four replications and 25 plants per replication.
Plants were monitored for the occurrence of ACR during the
spring of 1987.

The incidence of ACR in plants from each

source was assessed based on the mean percent of wilted
plants in the four replications of each treatment.
of wilted plants were made on 7 May 1987.

Counts

Isolations on PDA
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were made from an occasional wilted plant to confirm that c.
fraqariae was the causal agent.
Similar strawberry production fields were established
on the Burden Research Plantation in 1987-88 and 1988-89,
using the same treatment size and experimental design as in
1986.

In 1987-88, transplants were obtained from summer

nurseries in Tangipahoa parish that had been established
with local sources of plant material.
plants were made on 19 May 1988.

Counts of wilted

In 1988-89, transplants

were obtained from 1) summer nurseries in Tangipahoa parish
that had been established with local sources of plant
material,

2) summer nurseries in Tangipahoa parish that had

been established with ACR-free plants from Chase,

3) a

summer nursery in Baton Rouge that had been established with
ACR-free plants from Chase, and 4) nurseries in Michigan;
California; and Ontario, Canada.

Counts of wilted plants

were made on 27 April 1989.
Effect of temperature on ACR wilt.

To determine the

effect of temperature on expression of the ACR wilt
symptoms, inoculated strawberry plants were subjected to a
range of ambient temperatures.

Greenhouse-grown Tangi

strawberry runner plants were potted in 7.6-cm peat pots
containing a 1:1 (v/v) mixture of Jiffy-Mix Plus and
pasteurized sand 4 wk prior to inoculation.
method was based on that of Smith (24).

The inoculation

Conidia were washed

from 7-day-old PDA plate cultures of C. fraqariae. isolate

11

CF-63, grown at room temperature under continuous
fluorescent light, and the suspension was adjusted to 1.0 x
106 conidia/ml based on hemacytometer counts.

Plants were

inoculated by injecting 0.5 ml of the conidial suspension
into each of two locations in the crown with a hypodermic
syringe fitted with a 22 gauge needle.

Thirty plants, 15

inoculated and 15 injected with sterile distilled water,
were placed into each of the four plant growth chambers
(Sherer CEL 511-38 or CEL 37-14; Sherer Gillett Co.,
Marshall, M I ) .

The four chambers were adjusted to maintain

constant temperatures of 15, 21, 27, and 32 + 2 C, with 12
hr light and 12 hr dark periods each day.

The number of

wilted plants was recorded weekly over a 6-wk period after
inoculation.

Isolations were made on PDA using crown tissue

from representative wilted plants to confirm C. fraqariae as
the causal agent.
High temperature grow-out assay for ACR detection.
During October samples from symptomless nursery plants that
had been dug for transplanting into production fields were
potted in 7.6-cm peat pots containing a 1:1 mixture of
Jiffy-Mix Plus and pasteurized sand.

The potted plants were

placed out-of-doors under a shade screen for 4 w k before
being transferred to a growth chamber (12 hr photoperiod) or
a greenhouse and maintained for 6 wk at a constant
temperature of 30 + 4 C.

The percentage of ACR-infected

nursery plants in each sample was determined from the number

12

of plants that died during the 30 C incubation period.
Isolations on PDA were made from representative wilted
plants in each sample to confirm that C. fraqariae was the
causal agent.
In October, 1987, plant samples (100 plants/source)
from several summer nurseries in Tangipahoa parish
established with local plant sources were sampled and
subjected to the high temperature grow-out assay for ACRincidence according to the above described procedure.

In

October, 1988, plant samples for assays (100 plants/source)
were obtained from several sources: 1) summer nurseries in
Tangipahoa parish established with local plant sources; 2)
summer nurseries in Tangipahoa parish established with ACRfree plants from Chase, LA; 3) ACR-free plants from Chase
increased in the field at Baton Rouge; 4) ACR-free plants
increased in the field at Chase, LA; and 5) plants taken
from shipments to Louisiana growers from out-of-state
nurseries.

RESULTS

Field increase of tissue culture-derived ACR-free
plants.

Tangi plants regenerated from tissue culture that

were transplanted into the field at Chase during August,
1986 developed only a limited number of runner plants during
the summer and fall.

The overwintering plants were kept
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free of fruit by weekly removal of flowers during the spring
of 1987, and runner plants were produced in abundance during
May and June.
and 1988-89.

Similar results were obtained during 1987-88
In 1987-88,

in Baton Rouge.

a similar field increase was made

The nurseries were monitored monthly for

the occurrence of ACR, but no evidence of the disease was
found at any time in any of the increase fields.
Summer nurseries.

Tangi was the only cultivar being

grown in strawberry production fields and summer nursery
beds in Tangipahoa and Livingston parishes in 1986.

Many of

the growers utilized their production fields in which 0.3 to
30% of the plants were ACR-infected as sources of plant
material to establish summer nursery beds in June
Subsequently,

(Table 1).

ten nursery beds in the same area were

surveyed on 21 October and all were ACR-infected

(Table 2).

Disease index ratings ranged from 1.0 to 5.0 among the
nurseries surveyed.

Plant losses were so great in some

nursery beds that growers were forced to purchase plants
from out-of-state nurseries in order to have sufficient
plants to establish their production fields for 1987.
In 1987, several growers established summer nurseries
with local sources of Tangi and Chandler plants.
addition,

In

a few growers established small nursery beds with

ACR-free plants from Chase.

None of the plants in beds

established with the Chase plants exhibited symptoms of ACR
(Table 3).

All but one (Beauchamp)

of the nursery beds
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Table 1.
Incidence of wilted plants with anthracnose crown
rot in spring, 1986 strawberry production fields established
with transplants from local nurseries

Grower

CultivarPlant Source

Wilted
Plants(%)a

Lavigne

Tangi-local

27b

Hoover, V.

Tangi-local

2

Meyers

Tangi-local

30

Drude

Tangi-local

22

Hoover, L.

Tangi-local

23

Newman

Tangi-local

30

Wilson

Tangi-local

8

Cummings

Tangi-local

1

Jenkins

Tangi-local

0.3

Gregiore

Tangi-local

0.8

a Based on five independent 100 plant counts in different
areas of each field.
Surveyed on 29 April 1986.
b A disease incidence >0.6% would be detected according to
the binomial distribution, P=0.05.
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Table 2. Influence of plant source on occurrence of
anthracnose crown rot in summer, 1986 strawberry nursery
beds and in spring, 1987 commercial production fields

Nursery B e d s f s u m m . *86)
CultivarDisease
Source
Index3

Grower

Production F i e l d s ( s p . 187)
CultivarWilted
Source
Plants(%)b

Lavigne

Tangi-local

4

Tangi-local
Chandler-NC

14c
0

Meyers

Tangi-local

2

Tangi-local

60

Tangi-local

1

Tangi-local
Chandler-NC

31
0

Jenkins

Tangi-local

5

Tangi-local
10
0
Chandler-Canada

Drude

Tangi-local

5

Newman

Tangi-local

4

Tangi-local

2

Cummings

Tangi-local

5

Tangi-local

3

Battles

Tangi-local

5

Tangi-local

20

Ardillo

Tangi-local

2

Lard

Tangi-local

1

Hoover,

L.

3 Disease index 0-5; a visual estimate of disease loss in
which 0=no reduction in runner plants and 5=80% or greater
reduction in runner plants.
Values based on estimates
from 10 areas per bed chosen at random. Surveyed on 21
October at the time they were being dug to establish
production fields.
b Based on five independent 100 plant counts in different
areas of each field.
Surveyed on 5 Ma y 1987.
c A disease incidence >0.6% would be detected according to
the binomial distribution, P=0.05.

16
Table 3. Influence of plant source on occurrence of
anthracnose crown rot in summer, 1987 strawberry nursery
beds and in spring, 1988 commercial production fields

Grower
Lavigne

Nursery B e d s (s u m m . 187^
CultivarDisease
Source
Index■°
Tangi-local
Chandler-local

Production F i e l d s (s p .'88)
CultivarWilted
Source
Plants (%)b

4
5
Chandler-MI

Hoover, L.

Tangi-local
Chandler-local

Drude

Tangi-Chase

Corona

Tangi-local
Tangi-Chase

Jenkins

Tangi-local

1
1

2
0

Tangi-local
Chandler-local
Chandler-MI

0C
17
35
0

Tangi-Chase
Chandler-MI

0
0

Tangi-local
Tangi-Chase
Chandler-MI

4
0
0

Chandler-MI
Chandler-Canada

0
0

Vicaro

Tangi-local

1

Tangi-local

Poche

Tangi-local
Tangi-Chase

2
0

Tangi-local
Tangi-Chase

3
0

Wells

Tangi-local

2

Tangi-local
Chandler-MI

20
0

Wilson

Tangi-local

1

Ardillo

Tangi-local

4

Beauchamp

Tangi-local

0

Liuzza

Chandler-MI

Meyers

16
Tangi-local
32
Chandler-local
Chandler-Canada
0
Chandler-IN

17
Table 3 (continued)
8 Disease index 0-5; a visual estimate of disease loss in
which 0=no reduction in runner plants and 5=80% or greater
reduction in runner plants.
Values based on estimates
from 10 areas per bed chosen at random. Surveyed on 28
Sept 1987 just prior to being dug to establish production
fields.
b Based on five independent 100 plant counts in different
areas of each field.
Survey on 3 May 1988.
c A disease incidence >0.6% would be detected according to
the binomial distribution, P=0.05.
d Colletotrichum acutatum isolated from these wilted
plants.
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established with local plant sources exhibited symptoms when
they were surveyed on 28 September 1987.

As in 1986,

several growers had to purchase out-of-state nursery plants
to fill their needs to establish production fields for 1988.
A number of growers did not plant summer nurseries and
relied entirely on out-of-state nurseries as a source of
plants.
In 1988, several growers in Tangipahoa parish
established nursery beds using local sources of Tangi and
Chandler plants.

Five growers established small beds with

ACR-free plants from Chase or Baton Rouge (BR).

Plants in

only one of the five beds established with ACR-free plants
exhibited ACR symptoms

(Table 4).

The single nursery bed

(Hoover, L.) in which ACR developed was located adjacent to
a bed established with a local source of Chandler plants.
Six of nine surveyed nursery beds that had been established
with local plant sources exhibited ACR symptoms

(Table 4).

Disease severity varied among beds ranging from 10 to 95
percent of stolons with ACR lesions in the six beds.

The

trend toward reliance on out-of-state nurseries for
production plants by strawberry growers in Louisiana
continued in 1988.

Fewer growers attempted to grow plants

in summer nurseries and most of those that did, purchased
additional plants to satisfy their needs for the 1989
production fields.
Production fields.

In 1986, the cultivar Tangi was
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Table 4. Influence of plant source on occurrence of
anthracnose crown rot in summer, 1988 strawberry nursery
beds and in spring, 1989 commercial production fields

Production F i e l d s (s o . 189)
Nursery B e d s f s u m m . *88)
CultivarACR
CultivarWilted
Source
Plants(%)b
Source
Severity8

Grower

o

Tangi-local

O
CO

Vicaro

Chandler-MI
Poche

Tangi-Chase
Chandler-local

0
30

Lavigne

Tangi-BR
Chandler-local

0
0

Tangi-Chase
Chandler-local

10d
15

Tangi-local
Tangi-Chase
Chandler-local

35
0
23

Hoover,

L.

Drude

Beauchamp

Tangi-local
Tangi-Chase
Chandler-local

0
0
0

Wells

Chandler-local

95

0C

Tangi-Chase
Chandler-local

0
49

Chandler-local
Chandler-MI

80
0

Chandler-local
Chandler-CA
Chandler-NC

74
0
0

Chandler-Canada

0

Tangi-local
Tangi-Chase
Chandler-local

0
0
0

Chandler-Canada

0

Meyers

0
Chandler-Canada
14
Chandler-local

Blahut

Chandler-NC
Chandler-CA

0
0

Liuzza

Chandler-MI
Chandler-Canada

0
0

8 A C R severity was determined by randomly selecting a
total of 500 stolons from each nursery bed and observing
them for the occurrence of A CR lesions.
ACR severity
was expressed as the percentage of stolons exhibiting
A C R lesions.
Surveyed on 10 October 1988 at th e time
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Table 4 (continued)
they were being dug to establish production fields.
b Based on five 100 plant counts in different areas of each
field.
Surveyed on 28 April 1989.
c A disease incidence >0.6% in either the nursery bed or the
production field would be detected according to the
binomial distribution, P=0.05.
d This plant bed was located adjacent to a bed established
with ACR-infected plants.
All other beds established with
ACR-free plants from Chase were separated from beds
established with local plants by 150 m or more.
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being grown almost exclusively by commercial strawberry
growers in Louisiana.

Plants for the production fields came

from local, on-the-farm, summer nurseries.

A survey of

production fields on 29 April 1986 showed that ACR occurred
in all ten fields observed with plant losses in those fields
ranging from 0.3 to 30%

(Table 1).

Production fields for 1987 were established with
locally grown Tangi plants and out-of-state grown Chandler
plants.

ACR occurred in all seven of the surveyed fields

that had been established with local plants

(Table 2).

Disease incidence in these fields ranged from 2 to 60% on 5
May 1987.

No plant death due to ACR occurred in the three

production fields surveyed that had been established with
out-of-state plants (Table 2).
Production fields for 1988 were established with
locally grown Tangi and Chandler plants derived from local
plant sources, with Tangi plants derived from the ACR-free
source at Chase, and with chandler plants from out-of-state
nurseries.

ACR occurred in all observed fields that had

been established with local plants, ranging in incidence
from 2 to 35%

(Table 3).

ACR did not occur in any of the

production fields established with Tangi plants derived from
the ACR-free source nor in any fields established with outof-state nursery plants.

A single production field (Meyers)

established with an out-of-state source of plants suffered
plant losses (Table 3), but in this case C. acutatum was
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isolated from dead and dying plants.
Production fields for 1989 were established with plants
that had backgrounds similar to those used in the previous
year.

ACR occurred in four of the six fields established

with local plants derived from local sources

(Table 4).

ACR

incidence in those four fields ranged from 14 to 80% when
surveyed on 28 April 1989.

The two fields that remained

free of ACR were located on the same farm (Beauchamp).

As

in the previous year, ACR did not occur in any of the
production fields established with plants derived from the
ACR-free plant source nor in any field established with outof-state plants.
Field grow-out for ACR detection.

One hundred plant

samples from several nurseries were planted in a replicated
field grow-out trial in Baton Rouge to assess the incidence
of ACR in the plants and to compare these results with those
observed on farms utilizing the same source of plants.
Samples from eleven nurseries were included in the 1986-87
field grow-out assay and ACR was detected in sample lots
from three nurseries

(Table 5).

Observations made in eight

commercial production fields established with the plants
from the same nurseries showed that ACR occurred only in the
fields established with nursery plants that tested positive
in the grow-out tests.
Samples from four nurseries were included in the 198788 field grow-out assay and ACR was detected in all sample
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Table 5.
Anthracnose crown rot incidence in fall, 1986
nursery transplants based on a field grow-out assay and
counts in growers production fields during spring, 1987

A C R Incidence
CultivarSource

Grow-out
field8

(% w i l t e d plants)
Production
fieldb

Tangi-local

25

Tangi-local

0

Tangi-local

8

Tangi-local

0

Tangi-local

46

Chandler-NC

0

0 (Lavigne)

Chandler-NC

0

0 (Hoover, L . )

Chandler-NC

0

0 (Wilson)

Chandler-NC

0

0 (DiVittorio)

Chandler-Canada

0

0 (Jenkins)

Chandler-MI

0

0 (Liuzza)

(Ardillo)
(Lard)
61

(Meyers)
(Sirchia)

15

(Lavigne)

a Based on 100 plants from each source with four
replications of 25 plants each; counts on 7 May
1987.
b Based on five 100 plant counts in different areas of each
field.
Surveyed on 5 Ma y 1987.

24
lots

(Table 6). ACR was detected in commercial production

fields established with plants from the same nurseries that
tested positive in the grow-out test.
In 1988-89, samples from eight nurseries were included
in the field grow-out assay.

In sample lots that tested

positive in the grow-out assay, ACR was detected in
commercial production fields established with the plants
from the same nurseries

(Table 7).

During the 3 yr in which

observations were made, ACR was detected only in the growout fields or production fields that were established with
transplants from local nurseries using local plant sources.
Effect of temperature on ACR wilt.

At 32 C, all plants

inoculated with C. fraoariae wilted within 2 wk (Table 8).
At 27 C, 53% of the plants wilted within 2 wk and all the
plants had wilted by the end of 4 wk.

At 21 C, 63% of the

plants had wilted by the end of 5 wk.

No plants wilted at

15 c.

The noninoculated plants remained healthy at all

temperatures during the entire 6 w k period.
High temperature grow-out method for ACR detection.
One hundred plant samples from each of several nurseries,
dug in October, were observed for the wilt symptom of ACR
after 6 wk in a greenhouse or growth chamber at a
temperature of 3 0 + 4

C .

Samples from six nurseries were

included in the 1987-88 30 C grow-out assay.

In four of the

six sample lots, ACR was detected (Table 6).

In the grow-

out field and commercial production fields established with
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Table 6.
Anthracnose crown rot incidence in fall, 1987
nursery transplants based on a field grow-out assay, a hig h
temperature laboratory grow-out assay, an d counts in growers
production fields during spring, 1988

AC R Incidence
CultivarSource

30 C
Grow-outa

{% wilted plants)

Field
grow-out

Production
fieldc

Tangi-local

25

6

20 (Wells)

Tangi-local

30

5

2 (Vicaro)

Tangi-local

30

5

3 (Poche)

Tangi-local

30

5

Tangi-local

0

17

(Hoover,L.)

Chandler-local

0

35

(Hoover,L.)

(Lavigne)

0 Based on 100 plants from each source with four
replications of 25 plants each at 30 C for 6 w k in a
growth chamber.
b Based on 100 plants from each source w i t h four
replications of 25 plants each; counts on 19 M a y
1988.
c Based on five independent 100 pla n t counts in different
areas of each field.
Surveyed on 3 M ay 1988.
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Tab l e 7.
Anthracnose crown rot incidence in fall, 1988
nursery transplants based on a field grow-out assay, a high
temperature laboratory grow-out assay, and counts in growers
production fields during spring, 1989

A C R Incidence
CultivarSource

30 C
Grow-outa

(% wilt e d plants)

Field
grow-outb

Production
field0

Chandler-local

93

68

74

(Hoover,L.)

Chandler-local

48

60

80

(Lavigne)

T a n g i - (Chase)-local 0

0

0

(Poche)

Tangi-(Chase)-BR

0

0

Chandler-MI

0

0

0

(Liuzza)

Chandler-Canada

0

0

0

(Liuzza)

Chandler-CA

0

0

0

(Blahut)

Chandler-NC

0

0

0

(Blahut)

8 Based on 100 plants from each source wi t h four
replications of 25 plants each at 30 C for 6 w k in a
greenhouse.
Based on 100 plants from each source with four
replications of 25 plants each? counts on 27 April
1989.
c Based on five independent 100 plant counts in different
areas of each field.
Surveyed on 28 April 1989.
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Table 8. Effect of ambient temperature on development of the
wilt symptom in potted strawberry plants following
inoculation with Colletotrichum fragariae®

Percentage wilted plants
Weeks after inoculation0
3

4

53

83

100

0

13

47

0

0

0

Temperature (C )0

1

2

32

70

100

27

10

21
15

5

6

55

63

63

0

0

0

8 Isolate CF-63 of Colletotrichum fraqariae.
b Inoculations were made by injecting 0.5 ml of a 1.0 x 106
conidia/ml suspension into each of two areas of each
crown.
15 inoculated plants were observed at each
temperature.
c Plant growth chambers were adjusted to the designated
temperature and maintained constant +2 C, 24 hr/day; each
chamber was adjusted for a 12 hr photoperiod.
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the plants from the same nurseries, A C R w as dete c t e d in all
lots that tested positive in the 30 C gro w out assay.
1988-89,

the same trend occurred.

In

In sample lots that

tested positive in the 30 C grow-out assay, A C R was detected
in the grow-out field and commercial production fields
established with the plants from the same nurseries
7).

(Table

In all sample lots tested, ACR was detected only in

transplants from local plant sources.

DISCUSSION

ACR-free plants can be produced in Louisiana in
nurseries that are remote from the strawberry production
area.

By starting with ACR-free tissue culture-derived

Tangi plants, ACR-free transplants were produced during
three consecutive years on the Sweet Potato Rese a r c h Station
at Chase and one year on the Burden Research Plantation at
Baton Rouge.

When plants from ACR-free nurseries were used

to establish summer nurseries in the strawberry production
area, they remained ACR-free in beds separated from
contaminated nursery beds by 150 m or more.

The s e results

suggest that the primary if not the sole source of A C R
inoculum in Louisiana is infected strawberry plants.
The current study has shown that wh e n ACR-free plants
are used to establish production fields in the annual
planting system practiced in Louisiana

(21), they remain
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free of the crown rot phase of the disease through the
spring fruiting season.

Horn, et al (10) and Howard (17)

concluded that there is little or no movement of ACR in
Louisiana and Florida production fields.

Observations made

in the present study corroborate their conclusion.
example,

For

in the field grow-out experiment, groups of ACR-

free plants and infected plants were interplanted in the
same field.

The plants that were ACR-free at the time of

planting never expressed the crown rot symptom of the
disease in spite of their close association from October to
May with diseased plants.

In commercial production fields

where ACR-free plants were used, the crown rot symptom never
occurred even in situations where these fields were planted
adjacent to fields with a high incidence of ACR.
Even though plants do not express the crown rot
symptoms of ACR in production fields established with ACRfree plants, they are likely to become contaminated with C.
fractariae if located adjacent to fields with infected
plants.

To illustrate this point we observed that when

runner plants were taken for nursery bed establishment from
production fields showing no ACR symptoms, ACR generally
occurred in the nursery beds
and 4).

(See Chandler-local in Tables 3

Older plants are relatively resistant to the crown

rot phase of the disease from new infections even though
they would wilt and die suddenly if old quiescent infections
were reactivated by high temperatures

(25).
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During the period of this study,

1986-1989, there was a

rapid shift in the Louisiana strawberry industry from the
use of home-grown transplants to commercially grown out-ofstate transplants.

The shift was initiated due to a

shortage of home grown plants caused by AC R in summer
nurseries.

The plant shortage forced growers to seek other

sources of plants and they turned to nurseries in the more
northern and western states of North Carolina, Michigan,
Indiana,

and California and in Ontario,

Canada.

Assays of

the plants and surveys of fields established with plants
from these sources showed them to be free of ACR during this
period.

There remains some uncertainty, however,

in placing

total dependence on these commercially produced plants as
sources of ACR-free plants,

since Florida growers have

experienced losses due to ACR in production fields
established with plants from some of these areas

(17).

The high temperature grow-out assay detected C.
fraaariae in symptomless plants that were dug in October
from summer nursery beds.
temperatures
plants.

By subjecting the plants to high

(25), the wilt symptom was induced in infected

The technique was relatively quick and simple

compared to the field grow-out method, and results
paralleled in most cases the ACR incidence that occurred the
following spring in commercial production fields established
with the same plant sources.

The reliability of this assay

appears to be limited by the distribution of infected plants

in the population and the sample size.

Th e technique may

have some merit as an assay for nursery plants p r i o r to or
after they have been put in storage.
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FUNGICIDES FOR CONTROL OF STRAWBERRY ANTHRACNOSE CROWN ROT
IN SUMMER NURSERIES

ABSTRACT
Fungicides were tested jLn vitro using fungicide-impregnated
paper disk assays to determine their activity against a
benomyl-resistant isolate of Colletotrichum fragariae in
search of compounds with potential for control of
anthracnose crown rot (ACR).

Fungicides causing fungal

growth inhibition at 100 ppm and above included captafol,
CGA-453, and chlorothalonil and those causing inhibition at
1000 ppm and above included flusilazol, propiconazole,
fenarimol, diniconazole, captan, and TPTH.

When compared by

mean levels of inhibition over all rates, the seven most
effective fungicides ranked in descending order were
propiconazole,

flusilazol, myclobutanil,

453, chlorothalonil, and captafol.

fenarimol, CGA-

In the 1986 field test,

the captafol treatment suppressed the disease when applied
every 7 days.
myclobutanil,

In 1987 and 1988 field tests, propiconazole,
flusilazol, and CGA-453 alone or in

combination with chlorothalonil significantly reduced the
incidence of ACR when applied at weekly intervals to summer
nursery beds.
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INTRODUCTION
Anthracnose crown rot (ACR) of strawberry (Fraoaria x
ananassa Duch.) caused by Colletotrichum fragariae Brooks,
can be devastating to strawberries in the southeastern
United States.

The disease has been particularly damaging

in Florida (1,2) and Louisiana (3,5,6,7) where it severely
limits plant production in the summer nursery beds and
causes a sudden wilt and death of plants in production
fields in the spring.

During the summer, the pathogen

spreads rapidly in nurseries killing the runner plants by
attacking stolons (1,2), leaf petioles (2), leaf laminae
(9,10), and plant crowns (1,2,5,7).

As the temperature

drops in early fall, crown infections no longer cause plant
death.

This results in the production of symptomless, crown

infected plants.

These infected plants are transplanted

into production fields where they wilt and die as the
temperature rises during fruiting season the following
spring (5,7,11).
Howard (8) and Horn, et al (6) working in Florida and
Louisiana, respectively, during the early 1 9 7 0 's showed
benomyl to be effective against ACR.

Subsequently, benomyl

was registered for ACR control on strawberries and became
widely used.

The benomyl sprays were effective for several

years, but in the past 8 to 10 yr, farmers observed that
benomyl was not controlling the disease.

In vitro tests in

this laboratory (T.B. Mclnnes and L.L. Black, unpublished)
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have confirmed a report by Smith (17) that benomyl-resistant
strains of C. fragariae now are widespread in the strawberry
industry.

Delp and Milholland

(4) evaluated captan, maneb,

and captafol for control of ACR and found that captafol gave
satisfactory control of the disease if applied every 7 days,
but was ineffective when applied on a 14 day schedule.
Captafol was granted an emergency exemption under section 18
of the Federal Insecticide, Fungicide, and Rodenticide Act
for use in strawberry nurseries in some states, but never
received full registration.
been removed from the market.

The fungicide has more recently
Maneb and captan were found

to be ineffective for ACR control by Delp and Milholland
(4).

In a recent study, propiconazole was evaluated, and

found effective against the ACR pathogen (16).
At the present time, there is no fungicide that is
highly effective against the ACR pathogen and is labelled
for use on strawberry.

The primary objective of this study

was to identify fungicides that are effective in the control
of ACR in summer nurseries.

MATERIALS AND METHODS

In vitro inhibition of C^. fragariae.

In vitro

inhibition of c^. fragariae by commercial fungicides was
determined using a paper-disk method (15).

CF-63 a benomyl-

resistant isolate of C^_ fragariae obtained from Dr. B.J.

Smith of Poplarville, MS, was used for these studies.
cultures were maintained on silica gel

Stock

(12), and used to

initiate fresh cultures for each experiment.

Cultures for

conidial production were established by streaking conidia
over the surface of Difco potato dextrose agar (PDA)
Laboratories, Detroit, MI)

(Difco

in petri plates and incubating

for 7 days at room temperature (approx. 25 C) under
continuous fluorescent light (16).

Conidia were washed from

the plate cultures with distilled water and a conidial
suspension of 1.0 x 106 conidia/ml was prepared using a
hemacytometer to quantify spore numbers.

PDA plates for the

disk assays were seeded by pipetting 0.1 ml of the spore
suspension onto the surface of each 100-mm plate and
spreading the spores uniformly with a bent glass rod.
The fungicides were serially diluted with deionized
water to achieve ten-fold dilutions of the active ingredient
from 100,000 to 10 ppm (mg/L).
was included in each test.

A deionized water control

Sterile, 13-mm analytical paper

disks dipped into suspensions of the appropriate
concentrations of each fungicide were placed onto the
surface of the agar in the center of each seeded plate.

The

test plates were incubated for 3 days in the dark at 28 C.
Inhibition by the fungicides was determined by measuring the
diameter of the zone in which no growth occurred and
subtracting the diameter of the paper disk.
were replicated three times.

All treatments

The entire experiment was
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repeated once.

The fungicides evaluated wer e propiconazole

(Tilt 3.6 E ) , flusilazol
6 0 D F ) , fenarimol
CGA-453

(Nustar 2 0 D F ) , myclobutanil

(Rubigan E C ) , chlorothalonil

(Rally

(Bravo 720),

(Ciba-Geigy Corp. experimental c o m p o u n d ) , captafol

(Difolatan 8 0 D F ) , diniconazole

(Spotless 2 5 W P ) , captan

(Captec 4 F ) , triphenyltin hydroxide

(Super Tin 4 F ) , maneb

(Manex 4 F ) , maneb + triphenyltin hydroxide
fosetyl A1

(Aliette 8 0 W P ) , iprodione

thiophanate-methyl
5 0 W P ) , benomyl

(Pro-Tex 4 F ) ,

(Rovral 5 0 W P ) ,

(Topsin M 4.5F), vinclozolin

(Ronilan

(Benlate 5 0 W P ) , and thiabendazole

(Mertect

340F).
Fungicide field evaluations.

Summer nursery beds were

established at the Louisiana State University,
Research Plantation,

Baton Rouge,

LA in 1986,

with plants of the cultivar Tangi.

Fertilizer

Burden
1987,

and 1988

(8-24-24)

at

a rate of 896 kg/ha was incorporated into 1.2 m-wide
elevated beds

(13).

The beds were covered with a

polyethylene tarp and fumigated with Terr-O-Gas 67

(67%

methyl bromide and 33% chloropicrin, Great Lakes Chemical
Corp., West Lafayette,

IN 47906)

at a rate equivalent to 400

kg/ha on a broadcast basis 7-10 days before transplanting.
The tarp was removed just prior to transplanting.
In 1986, nurseries were established during J u l y using
runner plants obtained from an ACR-infected production field
on the Louisiana State University Hammond Research station,
Hammond,

LA.

Plants were spaced 0.61 m apart in a single
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row on the elevated beds.

Th e experimental design was a

randomized complete block with 11 treatments replicated
eight times.

Each replication consisted of a 6.7 m linear

section of nursery bed containing 11 transplants.

Fungicide

treatments were applied from August through October at 7 day
intervals.

Treatments were applied wi t h a tractor drawn

drop boom sprayer at a pressure of 7 kg/cm2 (100 psi) using
three TX-26

(Spraying Systems Co., Wheaton,

cone nozzles per row.

IL 60188)

hollow

The fungicide formulations were the

same as those used in the in vitro tests.

All treatment

rates based on kilograms of active ingredient applied in 935
L/ha

(100 gal/A) were as follows:

1.8 kg/ha;

captafol 2.8 kg/ha; maneb

chlorothalonil 2.5 kg/ha; triphenyltin hydroxide

0.31 kg/ha; thiophanate-methyl 0.8 kg/ha;

iprodione 1.1

kg/ha; maneb+triphenyltin hydroxide 2.0 kg/ha; maneb+
thiophanate-methyl 1.8 + 0.8 kg/ha; chlorothalonil+
thiophanate-methyl 2.5 + 0.8 kg/hay and captan+thiophanatemethyl 1.7 + 0.8 kg/ha.
controls.

Nonsprayed plots served as

The effect of the fungicide sprays on A C R was

determined by rating each treatment plot in the summer
nursery for runner plant production.

A disease index was

established based on visual estimates of runner plant
reduction using a scale of 0 to 5 in which 0 = no runner
plant reduction and 5 = 80% or greater runner plant
reduction.
In 1987, dormant Tangi plants obtained from Nourse

Farms, Inc., South Deerfield, MA, were set during June in
beds prepared in the same manner as described for the 1986
test.

The experimental design was a randomized complete

block with 11 treatments replicated eight times.

Each

replication consisted of a 6.7 m linear section of nursery
bed containing 11 transplants.

Fungicide treatments applied

in the same way as in 1986 began in July and continued
through October on a 7-day interval. The treatments and
their rates based on the active ingredient were as follows:
flusilazol 0.07 kg/ha; propiconazole 0.25 kg/ha;
myclobutanil 0.14 kg/ha;

captafol 2.8 kg/ha; chlorothalonil

1.25 and 2.52 kg/ha; CGA-453 3.5E 0.25 kg/ha; diniconazole
0.14 kg/ha; RH 3486 50WP (Rohm and Haas experimental
compound)

1.12 kg/ha; and vinclozolin 1.12 kg/ha.

Nonsprayed plots served as controls.
Plants in the
63 of C. fraqariae

nursery were inoculated with isolate

CF-

by spraying them with a spore suspension

(100,000 conidia/ml) on 26 August and 2 September using an
ultra low volume sprayer (Micron Corporation,

1424 West Belt

Drive North, Houston, TX 77043), at a rate of 615 ml/100 m
of row.
Efficacy of the fungicidal treatments for control of
ACR in the summer nurseries was determined by making counts
of surviving strawberry runner plants in two randomly
selected 0.3 m2 areas in the bed of each treatment
replication.

In 1988, tissue cultures of the strawberry cultivar
Tangi were obtained from Dr. Gene Galletta, USDA,
Beltsville, MD.

Plants were regenerated from the callus and

provided to us as small rooted plants by Rhonda PorcheSorbet of the Louisiana State University Horticulture
Department.

Runner plants were produced and potted in peat

pots in Jiffy-Mix

(JPA, Wes t Chicago,

IL) and held in the

greenhouse for 1 mo before being transplanted to the nursery
beds in June.

Plant bed preparation,

experimental design,

and fungicide applications were the same as described for
1986 and 1987.
through October.

The fungicides were applied from Ju l y
The treatments and their rates, based on

active ingredient were as follows:

flusilazol 0.07 kg/ha?

propiconazole 0.25 kg/ha; chlorothalonil 1.68 kg/ha;
myclobutanil 0.14 kg/ha; CGA-453 3.5E 0.25 kg/ha;
myclobutanil+chlorothalonil 0.14 + 1.68 kg/ha;

flusilazol+

chlorothalonil 0.07 + 1.68 kg/ha; and propiconazole+
chlorothalonil 0.25 + 1.68 kg/ha.

Nonsprayed plots served

as controls.
Plants in the nursery were inoculated with isolate CF63 of C.

fragariae by spraying them wit h a 50,000 conidia/ml

spore suspension on 17, 18, and 24 August,

and a 200,000

conidia/ml suspension on 31 August usi n g an ultra low volume
sprayer as described in the methods for 1987.
Efficacy of the fungicidal treatments for control of
A C R in the summer nurseries was determined by 1) observing
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50 stolons at random in each treatment replication and
counting the number with lesions and 2) counting the number
of surviving runner plants in a 1-m cross-section of the bed
in each treatment replication.

RESULTS

In vitro assay.

The minimum effective dose

(MED) was

one parameter used to evaluate the in vitro activity of the
fungicides against C. fraoariae. isolate CF-63.

ME D is

defined as the lowest rate of fungicide tested that resulted
in a statistically significiant zone of inhibition.

The

fungicides effective at the lowest dosages included
captafol,

CGA-453/

ppm (Table 1).
diniconazole,

and chlorothalonil which had MED's of 100

Flusilazol, propiconazole,

captan, and TPTH constituted a group of

fungicides with MED's of 1000 ppm.
maneb+TPTH/

fenarimol,

The ME D of m y c l o b u t a n i l ,

and maneb was 10,000 ppm while the M E D for

fosetyl A1 and iprodione was 100,000 ppm.
benomyl, thiophanate-methyl,

Vinclozolin,

and thiabendazole failed to

cause detectable inhibition of mycelial growth at any rate
tested.
The mean size of fungal growth inhibiton zones over all
rates of each fungicide was another parameter used to
evaluate in vitro activity of the fungicides.

The seven

most effective fungicides based on mean inhibition over all

46
Table 1.
Paper disk assay for in vitro inhibition of
Colletotrichum fraqariae by fungicides'4

RATES, PPM (ai)
Fungicide

100,000 10,000

1000

100

10

Mean

(Zone of Inhibition, mm) A
Propiconazole

37. 0cy

34.7a

21.0b*2

1. Ocd

0. Oa

15.6

Flusilazol

35. 0c

29.7b

23.3a*

2. 7bc

0. Oa

15.1

Myclobutanil

67.0a

21.3C*

0. og

O.Od

0. Oa

14.7

Fenarimol

67.0a

9. 0e

9.6d*

O.Od

0. Oa

14.3

CGA-453

30.7c

23 .7c

20.7b

3.7b*

0. Oa

13.1

Chlorothalonil

57.0b

8. 7e

4. 3e

3.3b*

0. Oa

12.2

Captafol

16.7d

13.7d

13.3c

7.7a*

0. Oa

8.5

Diniconazole

13.7de

2. 3gh

4.3e*

0.0a

3.7

Captan

ll.Odef

8. Oef

4. 3e*

O.Od

0. Oa

3.3

4. 3g

3.3ef*

O.Od

0. Oa

2.7

10.3def

4.7fg*

0. og

O.Od

0.0a

2.5

4. 7fg

4.7fg*

2. Og

O.Od

0. Oa

1.9

o. og

O.Od

0. Oa

1.8

TPTH
Maneb + TPTH
Maneb
Fosetyl Al

8.7def

ll.Odef* 0. Oh

2. Obc

Iprodione

5.Ofg*

0. Oh

0. 0g

O.Od

0. Oa

0.8

Vinclozolin

0. Og

0. Oh

0. 0g

O.Od

0. Oa

0.0

Benomyl

0. Og

0. Oh

0. og

O.Od

0. Oa

0.0

Thiophanatemethyl

0. Og

0. Oh

0. Og

O.Od

0. Oa

0.0

Thiabendazole

0. Og

0. Oh

0. Og

O.Od

0. Oa

0.0

w Single 13 mm filter disks saturated with the appropriate
fungicide suspensions were placed on the agar surface of
100 mm PDA plates seeded with conidia of C. fraqa r i a e .

47
Table 1 (continued)
isolate CF-63.
x Zone of inhibition determined after 3 days by measuring
the zone in which fungal growth did not occur and
subtracting 13 mm to correct for the presence of the
paper disk.
Three replications at each concentration.
y Separation of means by Duncan's multiple range test (P =
0.05).
Means with the same letter within each column
are not significantly different.
z Minimum effective dose,

(P=0.05).
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rates and ranked in descending order were propiconazole,
flusilazol, myclobutanil,

fenarimol, CGA-453,

chlorothalonil, and captafol.
Field evaluation.

In 1986, ten fungicides or

fungicide combinations were tested for their efficacy
against ACR in a summer nursery.

Of the ten tested, only

captafol resulted in a significant reduction in the disease
index compared to the nonsprayed control

(Table 2).

The

disease index for plots sprayed with chlorothalonil was
intermediate to captafol and the other treatments, but could
not be statistically separated from either.
In 1987, ten fungicides were tested for their efficacy
against ACR in a summer nursery.

Two of the fungicides,

propiconazole and myclobutanil, resulted in a significant
increase in the number of surviving runner plants at the end
of the test on November 13 (Table 3).

The numbers of plants

surviving in the flusilazol and captafol treated plots were
intermediate to the first two and the remainder of the
treatments, but could not be separated statistically from
either.
In 1988, eight fungicides or fungicide combinations
were tested for their efficacy against ACR in a summer
nursery.

Efficacy was rated in two ways, l) the percentage

of stolons showing ACR lesions and 2) the number of
surviving runner plants.

Based on the percentage of stolons

with ACR lesions, all fungicide treatments resulted in
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Table 2. Efficacy of fungicides for control of anthracnose
crown rot in a strawberry summer nursery at the Burden
Research Plantation, Baton Rouge, LA, 1986

Disease
Indexy

T r e a t m e n t , rate/hax
Captafol,

2.8 kg ai

3.4 a z

C h l o r o t h a l o n i l , 2.5 kg ai

4.0 ab

Maneb,

4.4

b

4.4

b

4.5

b

4.6

b

4.7

b

Captan + Thiopha n a t e - m e t h y l , 1.7 + 0.8 kg ai

4.7

b

Thiophanate-methyl,

4.7

b

Nonsprayed control

4.7

b

Iprodione,

00
•
'j'

b

1.8 kg ai

Triphenyltin Hydroxide,
Maneb + TPTH,

0.31 kg ai

2.0 kg ai

Maneb + Thiophanate-methyl,
Chlorothalonil +
thiophanate-methyl,

1.1 kg ai

1.8 + 0.8 kg ai

2.5 + 0.8 kg ai

0.8 kg ai

x Weekly applications were mad e with each fungicide at the
indicated rate in 935 L/ha August through October.
y Disease index 0-5; a visual estimate of disease loss in
which 0=no reduction in runner plants and 5=80% or greater
reduction in runner plants.
Experimental design was a
randomized complete blo c k with eleven treatments
replicated eight times.
Disease index rating on 13
November 1986.
z Separation of means by Duncan's multiple range test (P =
0.05).
Means with the same letter within each column
are not significantly different.
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Table 3. Efficacy of fungicides for control of anthracnose
crown rot in a strawberry summer nursery at the Burden
Research Plantation, Baton Rouge, LA, 1987

Treatment, rate/hax
Propiconazole,

0.25 kg ai

Runner Plantsy
per 0.3 m2
13.8 a2

Myclobutanil, 0.14 kg ai

13.2 ab

Flusilazol,

12.0 abc

0.07 kg ai

Captafol, 2.8 kg ai

11.4 abc

Chlorothalonil,

10.7

be

CGA 453 3.5E, 0.25 kg ai

10.4

be

Diniconazole,

0.14 kg ai

10.1

c

RH 3486 50WP, 1.12 kg ai

9.9

c

Chlorothalonil, 2.52 kg ai

9.9

c

Nonsprayed control

9.6

c

Vinclozolin,

9.6

c

1.25 kg ai

1.12 kg ai

x Weekly applications were made with each fungicide at the
indicated rate in 935 L/ha July through October.
y Plant numbers based on counts of surviving plants in two
randomly selected 0.3 m2 areas in each of eight
replicated treatment plots.
Counts on 13 November.
2 Separation of means by Duncan's multiple range test (P =
0.05).
Means with the same letter within each column
are not significantly different.
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a significant reduction in disease.

The incidence of

diseased stolons in fungicide-treated plots ranged from 42.0
to 56.4% compared with 65.0% in the nonsprayed treatment
(Table 4).

The flusilazol, myclobutanil+chlorothalonil,

and

flusilazol+chlorothalonil treatments significantly reduced
the incidence of ACR lesions on stolons in comparison to the
CGA-453 and myclobutanil treatments.

All other fungicide

treatments were intermediate in their effectiveness in
reducing the incidence of stolon lesions and could not be
separated from either group.

Based on the mean number of

surviving runner plants per meter of row in each treatment,
propiconazole,

flusilazol, CGA-453, propiconazole+

chlorothalonil, and myclobutanil+chlorothalonil resulted in
increased numbers of surviving runner plants

(Table 4).

Myclobutanil and chlorothalonil alone, and flusilazol+
chlorothalonil did not significantly increase runner plant
production compared to the nonsprayed treatment.
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Table 4.
Efficacy of fungicides for control of anthracnose
crown rot in a strawberry summer nursery at the Burden
Research Plantation, Baton Rouge, LA, 1988

T reatment, rate/haw

Stolons with lesions
(mean %)x

Runner plants
per ra of rowy

Nonsprayed control

65.0 az

16.6

CGA 453,

56.4

b

21.9

53.4

b

20.0

cd

51.0

be

20.0

cd

Propiconazole +
Chlorothalonil,

48.6

be

26.9 a

Propiconazole,

48.4

be

26.5 ab

Flusilazol +
Chlorothalonil

43.8

c

16.8

Myclobutanil +
Chlorothalonil

43.2

c

25.9 ab

Flusilazol,

42.0

c

26.5 ab

0.25 kg ai

Myclobutanil,

0.14 kg ai

Chlorothalonil,

1.68 kg ai

0.25 kg ai

0.07 kg ai

dz
be

d

M Weekly applications were made July through October with
each fungicide at the indicated rate in 935 L/ha
Combinations of fungicides were at full rate.
All
treatments were replicated eight times.
x Mean percent of stolons with lesions based on observations
of 50 stolons in each treatment replication on 1, 8,
19, and 26 September, and 7 October.
y Mean number of surviving runner plants based on counts
made in one meter of row in each treatment replication on
1, 8, 19, and 26 September, and 7 October.
z Separation of means by Duncan's multiple range test (P =
0.05).
Means with the same letter within each column
are not significantly different.

53
DISCUSSION
In vitro tests identified several fungicides with
activity against C. fraqariae.

The five fungicides most

inhibitory to the fungus were propiconazole,
myclobutanil, fenarimol, and CGA-453.

flusilazol,

All of these

compounds are classified as inhibitors of sterol
biosynthesis

(14).

These fungicides characteristically have

a narrow mode of action, but are effective against a broad
spectrum of plant pathogens.

The other two fungicides found

to have a marked in vitro inhibitory effect on growth of C.
fraqariae. although somewhat less than those of the sterol
inhibition group, were chlorothalonil and captafol.
Captafol which has previously been shown to be
effective against ACR (4) was included in the first two
years of field research and was shown to be effective in the
1986 test, but not in the 1987 test.

This fungicide was not

included in the 1988 test, because the manufacturer was no
longer pursuing a label for strawberries and was voluntarily
taking the product off of the market for other uses.
Based on field observations and in vitro tests

(17;

T.B. Mclnnes and L.L. Black, unpublished) r it was known that
most current c. fraqariae isolates from Louisiana and
Mississippi strawberries are resistant to benomyl.

The

present study showed that isolate CF-63 possessed resistance
not only to benomyl, but also to thiophanate-methyl and
thiabendazole all of which are members of the benzimidazole
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group.
Results of the in vitro test and the field test in 1987
provided a basis for selecting fungicides to include in the
1988 field test.

The sterol inhibitor fungicides were the

most effective against C. fraqariae. therefore, they were
the obvious choices.

There is considerable concern

regarding frequent use of these compounds increasing risk
for development of fungicide resistant strains of the
pathogen.

Alternating applications or tank mixing them with

other fungicides that have multiple modes of action should
reduce the chance for development of fungicide-resistant
plant pathogens

(18).

In that regard,

chlorothalonil was

chosen to use in a tank mix based on its broad mode of
action and the activity it had shown against C. fraqariae in
the earlier tests.
The 1988 field test provided good evidence for the
efficacy of the sterol inhibitor fungicides flusilazol,
myclobutanil,

and propiconazole individually or in

combination with chlorothalonil for the control of ACR.

A

high level of disease control was not achieved with any of
the treatments; however,

it should be pointed out that

disease pressure in the plots was extremely high from
multiple inoculations.

Furthermore,

all treatment

applications were made at a single rate while an optimum
rate has not been established.

Future studies with these

fungicides are justified and they should take into account

treatment rate, application schedules, and disease pressure.
There is a great need in the strawberry industry for a
fungicide spray program to protect against ACR in summer
nursery b e d s .
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EVALUATION OF FUNGICIDES FOR CONTROL OF STRAWBERRY FRUIT
ROTS

ABSTRACT
Field evaluations to determine efficacy of fungicides alone
and in combination for the control of strawberry fruit rots
were conducted over a two year period.

The predominant

fruit diseases in the field plots were gray mold (Botrytis
cinereal and stem end rot (Gnomonia comari)

in 1988 and gray

mold and anthracnose (Colletotrichum acutatum)

in 1989.

A

tank mixture of benomyl+captan applied weekly was effective
against gray mold, stem end rot, and anthracnose.
alone was not effective against anthracnose.

Benomyl

Captan was the

only fungicide tested that showed good activity against
anthracnose.

Vinclozolin and iprodione, applied on 7-day

schedules in 1988 and applied in combinations with other
fungicides on 14-day schedules in 1989, were very effective
in reducing the incidence of gray mold.

Vinclozolin and

iprodione were ineffective against stem end rot.

A

vinclozolin+benomyl treatment failed to significantly reduce
the incidence of anthracnose.

INTRODUCTION

Fruit rotting fungi cause significant losses in
strawberries

(Fragaria x ananassa D u c h .) worldwide
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(3,5,6,7,8,9/14,20).

Some of the more important fruit

rotting fungi are Botrvtis cinerea. Per. ex. F r . ,
Colletotrichum spp., Phytophthora cactorum (Leb. & Cohn)
Schroet., Rhizopus stolonifer (Ehrenb. ex Fr.) Vuillemin,
and of occasional importance Gnomonia comari Karsten.
The most destructive fruit rots of strawberries in
Louisiana are gray mold, caused by B. cinerea (7,8,14);
anthracnose, caused by Colletotrichum spp.

(9,14,16,20);

leather rot, caused by P. cactorum (9,14); leak, caused by
R. stolonifer (9,14); and stem end rot, caused by G. comari
(9,14).

Traditionally, gray mold has been the fruit rot of

greatest importance and the primary target of fungicide
programs (7,8).
Throughout the strawberry growing regions, the primary
method of control for strawberry fruit rots has been the use
of fungicide sprays (1,2,4,5,7,8,10,11,12,13,17,18).

Captan

and benomyl for anthracnose fruit rot control and
vinclozolin, captan, and benomyl for gray mold control have
been recommended (1,2,4,6,7).

Benomyl-resistant strains of

c. acutatum (5) and vinclozolin-resistant strains of B.
cinerea have been reported (1,10,11,12,13).

Tactics to

prevent development of fungicide-resistant plant pathogens
include alternating or tank mixing specific fungicides with
other fungicides that have multiple modes of action (18,19).
Because of the potential for development of fungicide
resistance by plant pathogens,

fungicides and application
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methods continually need to be evaluated.

The primary

objective of this study was to test fungicides alone and in
combination for their effectiveness

in controlling

strawberry fruit rots in Louisiana.

MATERIALS AMD METHODS

Experimental strawberry production fields were
established at the Louisiana State University Burden
Research Plantation in Baton Rouge, Louisiana, on 4 November
1987 and 11 November 1988 with plants of the Chandler
cultivar obtained from Guesquire Nursery, Ontario, Canada.
Recommended field preparation, planting,

fertilization,

irrigation, and insect control practices were used (15).
Fertilizer (8-24-24)

at the rate of 896 kg/ha was

incorporated into 50-cm-wide elevated beds on 1.2 m centers.
The beds were covered with a black polyethylene mulch and
fumigated 7-10 days before transplanting with Terr-O-Gas 67
(67% methyl bromide and 33% chloropicrin, Great Lakes
Chemical Cor p . , West Lafayette,

IN 47906)

at a rate

equivalent to 400 kg/ha on a broadcast basis.

A randomized

complete block design was used with 4 replications per
treatment and 25 plants per replication spaced 0.3 m apart
in single rows.

Fungicides were applied in 935 L of water

per hectare with a tractor drawn, PTO-driven sprayer
operated at 7 kg/cm2 (100 p s i ) , using three TX-26

(Spraying
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Systems C o . , Wheaton,

IL 60188) hollow cone nozzles per row

on a drop boom.
In 1988,

fungicide sprays wer e applied weekly from 22

February through 3 May,

for a maximum of 11 applications.

The treatments and application rates of the active
ingredients were as follows:
E214352

l) nonsprayed control; 2-5)

(Elanco experimental compound)

and 0.896 kg/ha,
iprodione

respectively;

(Rovral 50WP)

0.224,

0.448,

0.672,

6) E214352 0.224 kg/ha +

0.84 kg/ha;

7) E214352 0.448 kg/ha +

iprodione 0.84 kg/ha; 8) iprodione 0.84 kg/ha; 9) iprodione
1.12 kg/ha;

10) vinclozolin

myclobutanil

(Ronilan 50WP)

(Systhane 40WP)

(Benlate 50WP)
In 1989,

1.12 kg/ha;

11)

0.0672 kg/ha; and 12) benomyl

0.56 kg/ha + captan

(Captec 4F)

1.69 kg/ha.

fungicide sprays wer e applied on 7 or 14 day

intervals from 1 March through 4 Ma y for a maxi m u m of 9
applications.

Five fungicides were tested in various

combinations and at different spray intervals for their
effectiveness against strawberry fruit rots.

The fungicide

application rate which was based on active ingredient of
each fungicide remained the same in all treatments.
rates were as follows:
captan

(Captec 4F)

benomyl

(Benlate 50DF)

2.24 kg/ha; chlorothalonil

2.52 kg/ha;

iprodione

vinclozolin

(Ronilan 50WP)

as follows:

1) nonsprayed control;

captan, weekly;

(Rovral 50WP)

0.56 kg/ha;
(Bravo 720)

1.12 kg/ha; and

1.12 kg/ha.

4) benomyl+captan,

The

The treatments were

2) benomyl, weekly;
weekly;

3)

5) chlorothalonil
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weekly as a preharvest treatment from 14 December to 16
February followed by benomyl+captan, weekly during the
fruiting season; 6) iprodione every 2 wk and benomyl+captan
on alternate weeks; 7) iprodione with 0.25% Triton B1956
every 2 wk and benomyl+captan on alternate weeks; 8)
iprodione+captan with Triton B1956 every 2 wk; 9)
vinclozolin every other week and benomyl+captan on alternate
weeks;

10) vinclozolin+captan every 2 wk; and 11)

vinclozolin+benomyl every 2 wk.
Harvest dates in 1988 were 12, 15,
and 2, 5 May.

19, 22, 26, 29 April

Harvest dates in 1989 were 5, 11, 14, 17, 20,

26 April and 3, 10 May.

The effectiveness of each treatment

was rated by harvesting all ripe berries from each treatment
replication on each harvest date.

A random sample of 50

berries was collected from each treatment replication and
the percentage of the various fruit rots in each sample
determined.

Causal agents of the various fruit rots were

identified using spores taken directly from diseased berries
and/or from pure cultures of the pathogens isolated from
diseased berries.

RESULTS

In 1988, the combined results from all harvests in the
nonsprayed treatment plots show that 78% of all fruit rots
that occurred in the experimental production field were

caused by B. cinerea

(32%) and G. comari

(46%)

(Table 1).

Other fruit rots observed included those caused by R.
stolonifer. Colletotrichum spp., and Phvtophthora sp., but
their occurrence was sporadic and they were individually of
minor importance in this field.

The fungicide treatments

were compared for their effectiveness in controlling gray
mold caused by B. cinerea. stem end rot caused by G. c o m a r i .
and total fruit rots.

Benomyl+captan significantly reduced

the incidence of gray mold by 65%, of stem end rot by 69%,
and of total rots by 63% compared to the nonsprayed control
(Table 1).

Iprodione at 0.84 kg/ha and 1.12 kg/ha

significantly reduced the incidence of gray mold by 74% and
76%, respectively,

and total fruit rots by 49% and 58%

respectively, but did not significantly reduce the incidence
of stem end rot compared to the nonsprayed control.
same trend occurred with vinclozolin.

The

E214352 alone at all

rates tested, E214352+iprodione (0.448/0.84 kg/ha), and
myclobutanil failed to significantly reduce the incidence of
gray mold or stem end rot, but E214352+iprodione (0.224/0.84
kg/ha)

signigicantly reduced the incidence of both (Table

1). All fungicide treatments significantly reduced total
fruit rots compared to the nonsprayed control.
In 1989, the combined results from all harvests in the
nonsprayed treatment show that 87% of all fruit rots that
occurred in the experimental production field were caused by
B. cinerea

(34%) and C. acutatum (53%)

(Table 2).

Other
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Table 1.
Effect of weekly fungicide sprays beginning 22
February and ending 3 May on the incidence of strawberry
fruit rots, 1988
Fruit Rots, Percentage'
Treatment

Rate,ai
kg/ha

Nonsprayed

Gray
mold

Stem end
rot

Total2

8.8 a3

12.6 ab

27.1 a

E214352*

0.224

7.0 ab

6.7

cd

15.6

be

E214352

0.448

4.6 abode

6.9

bed

16.1

be

E214352

0.672

6.7 abc

8.7 abed

18.4

b

E214352

0.896

5.2 abcde

7.2

bed

15.3

be

E214352+
Iprodione

0.224
0.84

2.6

6.1

cd

11.7

be

E 2 14352+
Iprodione

0.448
0.84

6.3 abed

8.2 abed

17.0

be

Iprodione

0.84

2.3

de

13 .7

be

Iprodione

1.12

2.1

de

11.4

be

Vinclozolin

1.12

1.7

e

16.2

be

Myclobutanil

0.067

6.6 abc

7.9 abed

16.3

be

Benomyl+
Captan

0.56
1.69

3.1

3.7

10.0

c

cde

10.3 abc
7.3 abed
13.0 a

bede

d

1 Mean percentage of total fruit rots based on counts of
fruit showing symptoms at each harvest - 12, 15, 19, 22,
26, 29 April and 2, 5 May; 50 fruit per replication with
four replications per treatment at each harvest date.
Gray mold, Botrvtis c i n e r e a . and stem end rot, Gnomonia
c o m a r i . were the primary fruit rots, other fruit rots
individually caused only minor losses.
3 Separation of means by Duncan's Multiple Range Test (P =
0.05). Means with the same letter within each column are
not significantly different.
A Elanco experimental compound #214352.
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Table 2.
Effect of fungicide sprays beginning 1 M a r c h and
ending 4 May on the incidence of strawberry fruit rots, 1989
Fruit Rots,
Treatment65

Application
interval

Gray
mold

Anthracnose

7.8 ac

Nonsprayed

Percentage"

12.1 a

Total
22.8 a
17.3 ab

Benomyl

1 wk

4.4

b

8.2 ab

Captan

1 wk

3.6

be

1.7

c

Benomyl+Captan

1 wk

2.9

bed

0.6

c

Chiorotha1on ild
Ben+Cap

1 wk
1 wk

3.1

bed

1.2

c

5.9

c

Iprodione
Ben+Cap

2 wk
alt, 2 wk

2.1

bed

1.2

c

5.7

c

Ipro; B1956e
Ben+Cap

2 wk
alt, 2 wk

2.1

bed

2.5

c

5.9

c

Ipro+Cap;Bl956

2 wk

2.1

bed

4.8

be

Vinclozolin
Ben+Cap

2 wk
alt, 2 wk

1.8

bed

2.8

c

7.8

be

Vin+Cap

2 wk

1.2

cd

2.8

c

6.2

c

Vin+Ben

2 wk

0.9

d

9.6 ab

8.6
5.1

be
c

15 . 2fabc

14.4 abc

8 M e a n percentage of total fruit rots based on counts of
fruit showing symptoms at each harvest date - 5 , 11,
14, 17, 20, 26 April and 3, 10 May; 50 fruit per
replication with four replications pe r treatment at each
harvest date. Botrvtis cinerea, gray mold, and
Colletotrichum acutatum, anthracnose.
b Fungicides and their application rate based on active
ingredients were as follows:
benomyl, Benlate 50DF, 0.56
kg/ha; captan, Captec 4F, 2.24 kg/ha; chlorothalonil,
Bravo 72 0, 2.52 kg/ha; iprodione, Rovral 50 WP, 1.12
kg/ha; and vinclozolin, Ronilan 50WP, 1.12 kg/ha.
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Table 2 (continued)
0 Separation of means by Duncan's Mult i p l e Range Test (P =
0.05).
Means with the same letter within each column are
not significantly different.
d Chlorothalonil applied on a weekly application interval
preharvest; benomyl+captan applied on a wee k l y application
interval during harvest.
e The surfactant,
spray volume.

Triton B1956, was included at 0.25% of the

f This inordinately high percentage of total fruit rots was
due to the occurrence of high levels of leak caused by R.
stolonifer in this treatment.
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fruit rots oberved during the study included those caused by
R. s t o l o n i f e r . Phvtophthora s p . , and G. c o m a r i . but they
were responsible for only minor losses.

The fungicide

treatments were compared for their efficacy for control of
gray mold caused by B. c i n e r e a . anthracnose fruit rot caused
by C. a c u t a t u m . and total fruit rots.

All treatments

significantly reduced the incidence of gray mold compared to
the nonsprayed control

(Table 2).

The vinclozolin+benomyl

tank mix was superior statistically to either benomyl or
captan applied individually.

The vinclozolin+captan tank

m i x provided better control than benomyl alone.

The other

treatments could not be separated statistically,

but there

was a trend toward lower gray mold incidence in the
treatments which included vinclozolin or iprodione.
The incidence of anthracnose fruit rot was reduced by
all fungicide treatments in which captan was included either
alone or in combination

(Table 2).

Benomyl alone and

vinclozolin+benomyl failed to significantly reduce the
incidence of anthracnose when compared to the nonsprayed
control.
Total fruit rots were significantly reduced by all
treatments except benomyl alone,

iprodione+captan with

B1956, and vinclozolin+benomyl when compared to the
nonsprayed control

(Table 2).

Total fruit rot percentage in

the iprodione+captan with B1956 was higher than would be
expected based on the total of the gray mold and anthracnose
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levels because an unusually high incidence of leak caused by
R. stolonifer occurred in this treatment.

Numerically, the

lowest total fruit rot incidence occurred in treatments with
benomyl+captan applied weekly or alternated every other week
with other fungicides.

DISCUSSION

In 1988, B. cinerea and G. comari were the primary
agents of fruit rots and in 1989, B. cinerea and C. acutatum
were predominant in our test fields.

Others

(7,8,9,14) have

noted that the most destructive fruit rot disease of
strawberries in the field over the years has been gray mold.
Consequently, B. cinerea has been the target organism of
most spray programs

(2,4,7,8,17,18).

Nevertheless,

targeting only one pathogen can lead to serious problems.
For example in the present study although gray mold was
present, substantial losses also occurred due to stem end
rot in 1988 and due to anthracnose fruit rot in 1989.

This

points out that in evaluating fungicide efficacy for fruit
rot control, all major pathogens need to be considered.
In our studies, benomyl+captan, vinclozolin, and
iprodione were the most effective funcficides for control of
gray mold. In 1988, there was no statistically significant
reduction of gray mold incidence by the E214352 treatments,
except when tank mixed with iprodione (0.84 kg/ha)+E214352

(0.224 k g / h a ) .

This tank mixture was not effective at the

higher rate of E214352

(0.448 kg/ha)

suggesting that the

fungicide had an antagonistic effect on iprodione.

In 1989,

all fungicide treatments significantly reduced the incidence
of gray mold.

Although not statistically different,

the

incidence of gray mold was lower in treatments with
fungicide combinations of vinclozolin+benomyl and
vinclozolin+captan.

These treatments conform to recommended

control tactics for minimizing the development of fungicideresistant pathogens by use of fungicide combinations with
multiple modes of action

(18,19).

Based on our data, there

was no evidence for the occurrence of fungicide-resistant
strains of B. c i n e r e a . that have been reported elsewhwere,
in our experimental plots

(1,10,11,12,13).

The preharvest

application of chlorothalonil in 1989 was intended to
decrease gray mold fruit rot losses by reducing the initial
inoculum of B. cinerea in strawberry residues
restrospect,

(2). In

it doesn't seem likely that we would have been

able to detect any differences at the time of harvest in
these small plot tests, because of the overwhelming inoculum
levels in the untreated part of the field.

Gray mold

inoculum is very mobile and the chlorothalonil preharvest
treatment was surrounded by other treatments in which no
preharvest management of B. cinerea was attempted.
Gnomonia comari was a major fruit rotter in the 1988
experimental field.

Its high incidence in this field was
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attributed to a slight depression in the r ow tops that
allowed accumulation of wat e r and provided an ideal
environment for stem end rot development

(9).

Normally,

comari is of minor economic importance

(14), but can be

devasting uijider favorable conditions.

Th e most effective

G.

treatment for control of stem end rot was benomyl+captan.
Captan was the most effective fungicide tested against
anthracnose fruit rot caused by C. acutatum in this study.
Significant control of anthracnose fruit rot was obtained in
all treatments in which captan was included.

Benomyl alone

and vinclozolin+benomyl treatments failed to provide a
significant level of anthracnose control.

This was not

surprising since neither compound showed any in vitro
activity against local isolates of C. acutatum
and L.L.

Black, unpubl i s h e d ) .

(T.B. Mclnnes

Furthermore, benomyl has been

used in the isolation medium for C. acutatum in a California
study

(5).

Although iprodione was not tested alone it would

not be expected to have any effect on anthracnose because it
has no in vitro effect

(T.B. Mclnnes and L.L. Black,

u n p u b l i s h e d ) and it has a similar mode of action as
vinclozolin.
Observations in commercial production fields in
Louisiana in the spring of 1989 substantiated the
conclusions drawn from these studies concerning fungicidal
control of anthracnose fruit rot.

In fields where there was

a strong reliance on vinclozolin for gr a y mol d control to

the exclusion of the traditional benomyl+captan sprays,
anthracnose fruit rot incited by C. acutatum caused severe
losses.
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